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Determination of Serum Retinol (Vitamin A)
by High-Speed Liquid Chromatography
M. G. M. Dc Ruyter and A. P. De Leenheer
We report a fast and simple high-speed liquid-chromatographic assay for serum retinol. Only 100 l of serum is required. The In the past 10 years most determinations for retinol in serum or plasma were based on molecular fluoresence properties of the retinol structure. However, presence of fluorescent components other than retinol raised problems of nonspecificity with serum samples. To overcome this problem Garry et of the fluorescence of the retinol binding protein-retinol complex. As in the latter procedure the serum sample is diluted 100-fold and nonspecific fluorescence is successfully minimized.
However, variation in the enhancement factor (mean value is 16.5 but varies from 13.6 to 20.9) with different serum samples may present a drawback.
Here, we describe a method that is specific, owing to the chromatographic step, and sensitive and fast, owing to the on-line ultraviolet detection at 328 nm and the omission of concentration steps. 
Materials and Methods

Apparatus
A Varian 4100 liquid chromatograph equip jed with a stop-flow injection system and a Variscan multiple wavelength detector are used. The column is filled with a 10-gm irregular micropartic#{252}latesilica (15 cm X 0.2 cm i.d.). All this is from Varian Benelux, Brussels.
Reagents
Petroleum
ether (bp 40-60 #{176}C), methanol, isopropanol, and dichloromethane were all analytical-grade reagents from Merck (Darmstadt, Germany) and were used without further purification.
Retinol (vitamin A alcohol) was of crystalline purity, from Fluka AG (Switzerland).
The internal standard [all-trans-9(4methoxy-2,3,6-trimethy!phenyl)-,7-dimethyl-2,4,6,8-tetraenol] was synthesized by reduction of .ethyl-all-trans-9-(4-methoxy-2,3,6-trimethylphenyl) -3,7-dimethyl-2,4,6,8-tetraenoate (a gift from Hoffmann-La Roche, Base!, Switzerland) with LiA1H4. The final solution of the internal standard in methanol used had an absorbance of 0.895 at 327 nm (Xmax) in a 1.00-cm quartz cell.
The extraction solvent and the mobile phase have the same composition, i.e., petroleum ether/dichioromethane/isopropanol (8ci119.3/0.7 by vol).
Procedure
Transfer 100 tl of serum (or plasma), 15 l of internal standard solution and 100 zl of methanol to a conical centrifuge tube (7.6 X 0.9 cm). Mix the contents of the tube with a vortex-type mixer. Add 200 1 of extraction solvent and cap the tube (polyethylene cap). Extract by interrupted mixing on the vortex-type mixer for 60 s. After centrifugation (3000 rpm, 2 mm) inject 100 tl of 
Results and Discussion
Chromatographic conditions are given in Table 1 , and a typical chromatogram obtained for a serum extract to which a known amount of internal standard has been added is shown in Figure 1 .
The procedure is standardized by adding different volumes of a methanolic retinol standard solution to water and analyzing these aqueous samples by the above procedure. A linear relationship between peak height ratios (peak height retinol/peak height internal standard) and retinol concentration was found over the range of 0-1.50 mg/liter (Figure 2) . By using the same calibration curve (y = 0.0182x -0.0067) the concentration of retinol in a serum sample is easily determined after calculation of its peak height ratio.
Within-run precision of the method was obtained from eight replicate determinations of a serum pooL The mean value was 589 gig/liter (SD 15 gig/liter; CV 2.5%).
The analytical recovery of retinol from serum was determined by adding known quantities of retinol to serum and analyzing. Results (Table 2 ) ranged between 91 and 100%, quite acceptable for a trace analysis.
Background absorption of a retinol-free serum sample was estimated by irradiating an aliquot of a serum sample with long-wave ultraviolet light (>320 nm) for 3 h; this treatment should destroy all retinol present. The irradiated serum was taken through the entire analysis procedure, and no residual absorption could be detected in the chromatogram at the elution time of retinol. Identification of the serum retinol peak is made on the basis of retention time. To illustrate the specificity of the method, we performed an on-line recording of the absorption maximum of the eluted compound. Therefore the flow at the apex of the peak was interrupted and a continuous spectrum from 400 to 300 nm recorded. A maximum was found at 327 nm, which agrees closely with values reported in the literature (6) . In addition to this, we determined the capacity ratios of several compounds with structures closely related to retinol. Data are given in Table 3 . The only compound that might interfere with the analysis is retinoic acid, which has a K' = 5.2. However serum concentrations of retinoic acid, if present, are so low it would not be detected. Phytofluene, the nonspecific fluorescent compound that interferes with the fluorometric assay in sera, has absorption maxima at 331, 349, and 366 nm (3) . As an apolar molecule it will elute together with 9-carotene, which does not interfere with our assay.
We compared our high-speed liquid-chromatographic method with the fluorometric method of Garry eta!. (1), which includes siicic acid chromatography as a clean-up step, analyzing 22 sera for retinol by both methods. The fluorometric method yielded a mean value of 820 ig/ liter, whereas 600 tg/liter was found with our method. The correlation coefficient between the two methods was 0.779. The higher values obtained by the fluorometric method and the rather poor correlation between the two methods may be due to the technical difficulties we encountered in performing the fluorometric assay and (or) the presumptive higher specificity of our method.
In summary, high-speed liquid chromatography for serum retinol offers several advantages over the assays currently in use. The column chromatography provides high specificity, and on-line ultraviolet detection at 328 nm makes the assay quite sensitive: only 100 il of serum is needed to obtain a detection limit of 50 g of retinol per liter. Sample preparation and chromatographic run demand an overall analysis time of less than 12 mm, fast compared to other methods. Because few manipulations are needed the possibility of sample deterioration is minimized. Furthermore, the addition of an internal standard before the extraction improves the precision and compensates for possible losses caused by evaporation or spilling. The internal standard has been chosen on basis of its retention characteristics and its structural analogy to retinol. It elutes very close to the retinol peak and has the same Amax as retinol, which makes it well suited for our purposes. The assay could also be performed without addition of internal standard. However a fixed-volume injection loop would be required to get reproducible injections, and the advantage of an assay where an internal standard is used would be lost.
